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1. Introduction

The Air Force Armament and Test Laboratories (AFATL) at Eglin Air
Force Base is interested in determining whether it would be feasible to use
a zigzag setback device to control the gap in the magnetic core of a high
voltage converter in a low-g missile safety mechanism. After some pre-
liminary study and analysis by mechanical systems personnel at Harry
D,mond Laboratories (HDL), it was decided that this would be a practi-
cal concept to explore. This report summarizes work on the design,
analysis, construction, and testing of such a device from October 1986

through January 1987.

2. Background

2.1 Purpose
This device serves as a safety element in an "electronic" safety and arming
(S&A) system using slapper detonators. Such an S&A system requires
the missile battery voltage to be increased from tens of volts to a level of
thousands of volts. A component of the voltage increaser is a step-up
converter device using a coil (or coils) of wire and a magnetic core
assembly. The converter efficiency can be made extremely dependent on
the gap between the halves of the core, as illustrated by figure 1. If the

core halves are widely separated, the converter can be ineffective in gen-
erating voltages high enough to cause the S&A system's explosive train to
function. The zigzag acceleration sensing mechanism can be used to hold
the core halves apart and to bring them together if and only if it is driven
by the forces from a proper missile launch. Thus, the circuit cannot cause
the warhead to function without a proper launch environment.

2.2 Zigzag Device
HDL's previous experience with the development of similar acceleration
sensing zigzag safety devices was called on to guide the effort on this
project. The zigzag mechanism is composed of a few simple parts, fits in
a compact space, and furnishes a high degree of safety in low-g (10 to
1000 g) applications. Safety is provided by a combination of three main
features: (1) the product of the overall stroke and spring bias, (2) the
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Figure I. Inductance 4

versus separation for
coil and core assem-

y. 3l.

E E A440-3B9 Core
0)E 100 turns #32 wire

C Coil only inductance = 62 pH
WA ~ 2

C

N1
.d.

0.1 02 0.3 0.4

* Separation distance (in.)

flywheel effect of rotating a large mass with a small moment arm (this ap-
plies only to certain configurations considered for this project), and (3) the

start and stop action caused by the zigzag track, wherein the mass is

forced to rotate in the opposite direction in order to traverse each leg of
the track. This third feature is by far the most important. A fourth factor,
which can be significant where low-friction bearings are used, is the helix

angle. With rolling element bearings, a shallow angle such as 100 can be
'. used to null a large proportion of the drive force into the can track and

thereby increase safety.

2.3 MLRS/M445 Acceleration Lock
4.: The zigzag accceleration lock from the M445/447 electronic time fuzes

for the Multiple Launch Rocket System (MLRS) was used as a basis for

designing the device for this project (see fig. 2). The MLRS unit uses a

44 3.35-gram weight, having a radius of gyration of 0.16 in. (driven by a mo-
ment arm of 0.08 in.), moving through a linear stroke of 0.6 in. in six 0. 1-
in.-long by 450 stages. Bias at the start of motion is 10 g and bias at the

bottom of the stroke is 14 g. (The M445 fuze specification tests are run at
the 20- to 30-g level because the weight must do some work at the bottom
of its stroke in that application.) The zigzag cam post from this device is
0.187 in. diam by about 1 in. long and is machined from aluminum. In or-
der to avoid machining a special zigzag cam for this project, the cam from

-,,. the M445 unit was used with only minor modification of its length.

6
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2.4 Safety Analysis
A safety analysis of the MLRS units, resulting in a sensitivity curve for
rectangular drive pulses, is shown in figure 3. It shows that the minimum
velocity change required to arm this device is 65 ft/s when neglecting the

%, effect of friction. For a friction coefficient of 0.2 the required velocity

change is about 17-percent higher. A velocity change of 65 ft/s is equiva-
lent to the speed at the end of a free-fall drop from a height of 65 ft! This
minimum delta-V occurs at a drive level of about 25 g. To produce an av-
erage drive pulse of 25 g from a 65-ft drop, the unit would have to
decelerate at 25 g over a distance of 2.6 ft (equivalent to a 2.6-ft penetra-
tion into soft earth). Such a pulse is highly unlikely to result from the
usual accidental rough handling situation. And if the drive level is differ-
ent from 25 g, the graph in figure 3 shows that an even higher velocity

change is needed for arming. Thus, it can be seen that such zigzag de-
Ivices can provide adequate handling safety at bias levels of about 10 g.

S150 Zigzag design

135

120- 1. Radius of gyration k = 0.16
- 0.02 2. Radius of interaction r = 0.08% 105 0 3. Coeff of friction M = 0.2

90 4. Number of legs N = 6

Length angle lead mec-con
75 

0
60 0.100 45 0.503 7.000

0.100 45 0.503 7.000
Z0 5 0.100 45 0.503 7.000
> 30 Amin = 14 0.100 45 0.503 7.000

15 Vmin = 7 6  
0.100 45 0.503 7.000

. ____ , __ t t __ t 1 I 0.100 45 0.503 7.000

0 1 0 2 0.3 0.4 0.5 06 0.7 0.8 09 1 0 5. Total stroke of S/M = 0608
6. Bias at top of stroke = log

Acceleration (g 100) 7. Bias at bottom stroke = 1 4 g

Figure 3. Safety analysis for MLRS/N1445 fuze zigzag unit.
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3. Project Requirements

The Air Force munition application requires a no-function bias level of
7 g and an all-function level of 11 g. The working levels were selected as
7.5 and 10.5 g. Another requirement was an overall height of less than

1.75 in. and a footprint as small as possible consistent with other design
constraints. The project was to emphasize mechanical design rather than
electrical. Achieving compact arrangement, wherein solenoids are used
to lock the device in both the safe and the armed conditions, was consid-
ered especially important. It was further preferred to use an off-the-shelf
magnetic core, small linear solenoids that were on hand, and the existing
zigzag cam post as discussed in section 2.2. Theoretical drop safety

equivalent to the 65 ft provided by the MLRS device was also deemed
appropriate.

4. Design Concepts

Many different design approaches were considered. Some of these are

discussed in the following sections.

4.1 Concept A
An initial concept is shown in figure 4. This design is very similar to the
MLRS device. It does not include a means for locking the sensing weight
in the safe (up) position. Other disadvantages include a bias spring design
that would be difficult to implement, poor attachment for the ferrite
washer (which would be a nonstandard part), and a lack of positive clamp-
ing action from the circumferential groove used to lock the washer to the
core at the bottom of the stroke.

4.2 Concept B
The idea here is to place the transformer core in the center of a sensing
weight that interfaces with an external zigzag track as illustrated in figure
5. Here, the driving moment arm is much larger than the weight's radius
of gyration, so a shallow helix angle and rolling element bearings must be
used to obtain adequate drop safety. The concept was analyzed assuming

a helix angle of 100, a carrier radius of gyration of 0.25 (diam about 0.7
in.), a driving moment arm of 0.4 in., a coefficient of friction of 0.05, and
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four stages of motion at 0.1 in. each. The resulting minimum safe drop
height was about 76 ft for this nominal 9-g device. This concept was not
fully developed because, due to the rolling element bearings that would be
needed, it was deemed too complex for the quick-response nature of this
project. However. it appears promising for future consideration.

Figure 4. Design cin-
cept A.
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4.3 Concept C
Figure 6 illustrates a four-stage design using a commercial magnetic core
having an outside diameter of 0.9 in. It features a single external bias

spring and provides for locking the moveable core element in both the
*"' safe and a-med positions by a solenoid-actuated half-shaft mechanism as

illustrated in figure 7. Also shown in figure 6 is (I) an extension added to
lengthen the zigzag cam post of the standard MLRS/M445 fuze's S&A

device and (2) a spring washer slip-clutch feature which could be used to
prevent the zigzag track from being damaged if the massive, high-inertia
weight was driven by a severe overload such as several hundred g's. The
spring washer is anchored to the zigzag shaft, and friction between the

washer and the top plate is high enough to prevent rotation of the shaft
with respect to the plate unless overload conditions are reached. Concept

C appeared to be a good workable approach, but it was not considered fur-

ther because concept D was more compact, more flexible, and easier to
implement.

Figure 6. Design con-
cept C. Spring-washer

slip clutch

Extension to lengthen
existing zigzag post

.",'Safe ,I I

I

' ° 
, r A rm ed

Weight

Bias

spring

!1 10

='-"

S 
¢
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4.4 Concept D
This id,-a, ilustrated in figure 8, is somewhat unconventional in that the
sensing weight is constrained to move linearly, and it drives the zigzag
cam post with its attached flywheel in an oscillating fashion. The sensing
weight is biased by two external springs mounted over the weight's
guideposts. The advantages of this concept include a better ability to
tailor the spring design to fit the space and force requirements, and the
ability to adjust the flywheel properties independent of the sensing weight
properties. A solenoid interlock system would sit on top of the unit and
engage the flywheel. Since the flywheel is fastened to the zigzag cam
post, turning the flywheel can drive the acceleration sensing weight either
up or down, depending on the position of the guide pin in the cam track
(fig. 8, inset). With the weight in fully up position, torque applied to the
flywheel by the solenoid lock forces the weight up toward the safe posi-
tion. With the weight in the down or armed position, torque applied to the
flywheel by the solenoid lock forces the weight (with the top half of the

* core) down so as to eliminate any air gap between the core halves.

Figure 8. Design con- Lock spring

. cept D. '. iiII Torque on " eel

Flywheel L ~ r~m"w

'= • iNias spring (2)

-=rS' Guide post (21

-- I fl

:.1

.112

9,r.
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4.5 Other Concepts
Many different configurations were considered for packaging all tile nec-
essary design features in the minimum space. The zigzag safety and
transformer elements by themselves are relatively compact. The most dif-
ficult problem is to achieve a locking/unlocking and lock-down mecha-
nism that requires a minimum of additional space. A single solenoid to
lock the device in both positions is the approach used here. However,
electrothemial actuators using bimetals or memory metals such as
NITINOL might save additional space. Such actuators could be used in
opposed pairs to eliminate the need for shock balancing counterweights as
needed when using linear solenoids. Rotary solenoids need no counter-
weight, but they are not very compact or easy to interface in a small space.

., 13

0

e.N.



5. Selected Approach

Concept D, presented in figure 8, was selected for implementation as a
model. Figure 9 shows various features of the design. The existing zig-
zag cam post from the M445 fuze S&A device is used by shortening it
and machining a pivot on its bottom end. It fits through the center hole in
a commercial 0.9-in.-diam magnetic core, as shown in figure 10. The
guide pin, which rides in the zigzag track, is mounted in a steel sensing
weight that carries the top half of the magnetic core. This weight is
guided by two rods around which are two springs designed to provide a
minimum 7.5-g bias in the safe (up) position and a maximum 10.5-g bias
in the fully armed (down) position. The arrangement allows the weight/
core assembly to traverse four equal 0. 1 -in.-long stages of the zigzag track
in going from the safe to the armed position. A steel flywheel (with in-
tegral top pivot) measuring 1-in. diam by 0.16 in. thick is fastened to the
top of the zigzag cam post. A 0.50-in.-diameter linear tubular solenoid
and balanced counterweight and bias spring assembly is built into a
module which forms the top portion of the device housing. The bottom
half of the aluminum housing is an "L"-shaped piece that contains the
lower half of the magnetic core and the lower pivot for the zigzag/
flywheel assembly. The sensing weight guide rods and bias springs ex-
tend between the lower and upper halves of the housing. The solenoid
plunger is linked to a counterweight plunger by a symmetrical, slotted
steel bar, pivoted at its center. Mounted on the counterweight are the lock
spring and lock pin, which interact with the flywheel to force the top half
of the core either up or down, depending on whether it is in the safe or
armed position. As shown in figure 9, the overall device is 1.25 in.2 by

-b., 1.75 in. high with a volume of roughly 2.8 in3. Other details of the final
model are discussed in section 8.

', 14
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(a) Mechanical Data
Ele ve Core Set Parameters 9. 0,- 1

MAGNETIC PATH LENGTH .3 "c

CORCONTAN 11.61n. 16.7 in.
CE CONSTANT 4c 6 cn
EFFECTIVE CORE AREA A. 20 = 004

EFFECTIVE CORE 122 n.3  .168 in.)
VOUME V. 2 00 cm3  2.75 cm2 4 0

A~-~37 oz. 53 oz.
WEIGHT 11 5Grams 16.5Grams 800-010 218 005

NME MINIMUM CORE AREA.484 cmn2  38 t00 T
MIN. .1

Electrical Data .

Gapped Pot Cores for Frequency Selective Applications"" 1
NON- AMJSTABLE APPROX'

A.USTAUUE GAP CORE ALt . AP TEMP
-, GAPPED POTCORE MATERIAL VA3U (REP) LENGTH COEPFIC PPW C

POT CORE ASSE]NMLY - (in.)
PART NO. PART NO. V__-_AX TEMP. RANGE-- -52 to

2311TA160-389 160 58 .023 +110

2311TA250-3B9 - 250 91 .014 +1o

2311TA400-3B9 - 39 400 145 007 +13010 -30
(To 300 kHz) +741o 70C

2318TA160-389 2318TC160-389 160 83 024 .158r +158

231SA2503B9+117to2318TA250-3B9 2310TC250-389 250 130 015 +247

2318TA400-3B9 2318TC400-389 400 209 008 +31880

'Pert nuntm is for a oe se (2 cors).
-Panl number is for a set(2 o ,o nutl. ,ndspeco cif usor.

, , ,tThe AL values am beasel on a h.lly wund bobbin wilthout alustor: mHI00 turns.

,. Prilted Circuit Bobbins
:, 50 203

I I - NOTE TemwiajU Pints ame brass seth hot solder picoat.
-4ir1isinson of pen cras s-ctionm .04 x .015

'03 90 fI 4".0 I m:Ge Iffn ylonl
I Li _ I Mx Operating Tam: 130-C

Max. Di Soldering Temp 280C for 5-6 sec
WSJ Lw: _ WM LM I irmingArea .024in.(2311)& 056in.

2
(2318)

-- rMeian Length ofTurn: 1.78in.
N ,-, Flmmability: UL94-HB

4 0. 23I1. 750211 L219
Figure 10. Pot core data (from Ferroxcube Linear Ferrite Materials and Components Catalog, Ferroxcube
Division of Amperex Electronic Corp., Saugerties, NY 12477).
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() 389 Mamal bIital Psfmneablfty (;4) vs. Ffequeocy
This matenrail has a linear permeability versus temperature 00
curfve from - 30 to 70TC. The low magnetic material losses r

anid the tight tolerances on TF make this a popular ferrite for
inductors and tuned transformers in the audio to 300 kHz
freqluency range. I00 7

ixBy matching polystyrene cap~acitors ith the proper 369 ..
inductive device, temperature stabilities down to less than
1 OOPPIMi/ can be obtained.
Available in:
POr CORES 0

38 Caaeic i
Parameters shown are typical values, based upon meas- 'I'
urements of a medium toroidal core. FREUE HZIM

- ~Ir"ia Peirmeablity
Vat 2SC A.. I0SW±20%)

Saturation Flux a. 3200 gauss'
Density at 25*C..
H = 2 oersteds Initial Puiiabillty (,A) vs. Temperaur

Coercive Force H, 0.3 oersted* 0
Loss Factor tarn bi1 1

at 8el1gauss iiW 2000 - -

V. 00kHz -- 5x 10

510~ 2SX10'I MHz 120 0- Iw - -
*Tomperature Factor TF +09it1-Mn

(--500~l+.a1'a.t -25 0 25 s0 75 1oo 125 150 175 2
Disaccommoodation Factor OF < 2.5 x 10- TEMPERATUJRE (QI

(IG- 100 minutes)

Hysteresis Loss %, 1.1 x101tesil
Constant at 4 kiHz

Curie Temperatuire T. 145'C

*Typical values

Hystresi ci i~ :~ Tans 8
-ini cui L- -af vs - - - -- -1cu

.4:0 20 C

A~~~~0 - -- --- - -

'7 1. 2. I0F~C ii

Figure~~~~lo 10(otd)0o oraa

loO
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6. Mechanical Analysis

The device was analyzed in two areas. Since the sensing weight and
flywheel properties of the selected device can be independent, the equa-
tions used to analyze the traditional zigzag device do not apply. A new
equation for this "rack and flywheel" type of device had to be generated.
Second, a relation had to be established between the solenoid pull-in force
and the lock spring force needed to hold the core halves together against
the reset forces of the acceleration bias springs.

6.1 Equation of Motion
Appendix A gives the development of the equation of motion for this type
of device. The result is

rnCx + B (x + xO) = ny + g sinp)

0where m = W1g, and

W 1 = weight of sensing weight/core assembly,

B = spring constant of acceleration spring bias system,

x = displacement of sensing weight assembly,

xo = initial displacement of bias springs from free position,

g = gravitational constant,

= angle of launch with respect to local gravity

(13=90' for vertical launch),

y -displacement of munition with respect to launcher,

*"-acceleration or second derivative with respect to time,

18
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and

C = a mechanism scaling constant,

C I+W2 K)2( I + ttano (x

where

W2 = weight of zigzag flywheel assembly,

K = radius of gyration of flywheel assembly,

r = radius of interaction from centerline to point where guide pin
engages zigzag track,

(x = helix angle of zigzag track,

and

p coefficient of friction between guide pin and zigzag track.

The guide pin is treated as having zero diameter, and friction is ignored at
other points in the mechanism.

.'°4

The only difference between this equation of motion and the one for the
traditional zigzag device is the weight ratio term W2/W, in the mechanism

constant. This term would be unity for the traditional design and here it
can be any value. The term (g sin P) is usually ignored for drop safety

* calculations and for high-g launch applications where it is many times
smaller than the launch acceleration y. For missile applications where ac-
celeration is approximately 20 g or less, this term should be considered
when designing bias springs and when it is important to determine arming
time.

The equation of motion is applied for each stage of the zigzag track, and it

is assumed that the flywheel assembly comes to a complete stop before
each new stage is started. Impact and bouncing between the pin and the

19
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track are ignored. The reasonableness of these assumptions has been
verified by high-speed films and airgun correlation tests done with tradi-
tional high-g zigzag mechanisms. When safety is being analyzed, it is as-
sumed that the mass will coast through the second half of the last stage if

it is driven through the first half of this stage.

6.2 Performance
An existing program to analyze the safety and performance of zigzag de-
vices was used to evaluate performance of this design. The weight ratio

of the two elements (16.3/13) was simply included with the (k/r)2 ratio
(0.35/0.08) when providing input to the program. Figure 11 shows the re-
suits of a safety analysis and the results of a performance analysis for a
horizontal launch (3 = 0) under a constant 15-g acceleration. The mini-
mum velocity change that will arm the device is about 98 ft/s, correspond-
ing to a free-fall drop from a height of about 150 ft. With a coefficient of
friction of 0.2, the predicted arming time at 15 g is about 0.22 s.

200
180 - Zigzag design

160 1. Radius of gyration k = 0.392
140 2. Radius of interaction r = 0.08

co 120 3. Coeff of friction ,= 0.2
100 4. Number of legs N= 4

S8Length angle lead mec-con60 0.100 45 0.503 37.015
60 0.100 45 0.503 37.01520® V 8 0.100 45 0.503 37.015

> 40 Amin = 10 0.100 45 0.503 37.015
.= _- 20r Vmin =98 0.100 45 0.503 37.015

1 , _,__I , , I 5. Total stroke of S/M - 0.4
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 6. Bias at top of stroke - 7.5

7. Bias at bottom stroke - 10.5

Acceleration (g/1 00)

90 - Arm time

Figure 11. Analysis of 80= 222.1 m
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6.3 Lock Spring Force Balance
In order to design the lock spring mounted on the solenoid plunger
counterweight, a static force balance equation was developed. The spring
must be strong enough to hold the sensing weight bias springs compressed
so the transformer core halves will be clamped together in the armed posi-

tion. However, the spring must not be so strong that the solenoid is in-
capable of pulling in against it. In addition to overcoming the force of the
compressed bias springs, the lock spring must also work against the fric-
tion force between the guide pin and the zigzag track and the friction force
between the lock pin and the notch in the flywheel. The analysis assumed
that friction at the flywheel pivots and guide rod interfaces would be neg-
ligible. The analysis also models a design feature used to enhance the ef-
fectiveness of the lock spring: a draw-angle (delta) made in the notch in
the flywheel which interlocks with the lock pin.

Results of the analysis for a horizontal orientation (assume W-0) are
shown in figures 12 and 13. The second graph of figure 13 shows the ef-
fect of the draw angle on the required lock spring force when the coeffi-
cient of friction is 0.2. The first graph shows how the required spring
force depends on the coefficient of friction (assumed the same at both
places of interaction), for no draw-angle and for a draw-angle of 30'.
Note that the moment arm ratio between the flywheel diameter and the
zigzag track diameter (0.46/0.08) provides a multiplication of the lock
spring force of about 4 to 1.

Based on these calculations and using a maximum acceleration bias spring
force of 140 grams, a lock spring bias force of 35 grams was selected with
the solenoid plunger in the starting position. A draw angle close to 0' was
used on the model that was fabricated. Figure 14 shows that the Guardian
tubular solenoid model #T4X7CONT24VDC (which is equivalent to the

Oak Industries model C8-14) should be able to work reliably against this
spring load at the established maximum gap of 0.1 in. If this solenoid
could not produce the required force at 24 V, then a special drive circuit
would have to be used wherein an extra high voltage would be used to

* pull in the solenoid plunger. Once the plunger was pulled in, the circuit
would drop the voltage to the continuous 24-V level where the solenoid

can hold against a load of 340 grams.
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Figure 12. Analysis
for lock-down force F spring

balance.
2' + R2

Assume.
F spring z 35 gm min. 50 gm max

,,t R, = 0.46
R2 = 0.08 (R, R2 = 5 75) L-

x = 0.375
Pivot friction = 0
Guide rod friction = 0 a

W =0 (horizontal acceleration)
p = Cos -(X R1 ) = 35.39'

=450 Pown

W 90- 1 - d1 L

0'
. 7 gm max.

LV = L + L2 = 140 gm max

'L, = 70 gm max TW 23 gm - vertical orientation only

Force balance for Force balance versus delta
delta 0 and - 30 degrees for 1 = 0.2

90 40

80 - 38

70 _ E -
60 -, 34 -

'50 - 0 32 -
n 00

2 40 - 30
5a

cc30 - "" u 28"

20 26

10 - I I _24
0 0 1 0.2 03 04 05 -10 0 10 20 30 40

Coefficient of friction Delta - degrees

- delta = 0 --- delta = + 30

i Figure 13. Results of spring force balance analysis.
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7. Electrical Considerations

An electronic circuit to interface with the zigzag engaged pot core could
reasonably use three possible transformer/inductor configurations. The
most straightforward approach would be to use a push-pull forward acting
transformer in a conventionail dc-dc converter. Another possibility is to
use the pot core as a single-ended flyback transformer. The third possibil-
ity is to use the pot core as an inductor/transformer in a resonant circuit.

4 Two important characteristics that a selected configuration should have,
even for this very limited development effort, are fpr operation in the open
condition with very little energy transfer to the firing capacitor, and non-
destructive operation. Comments by AFATL about previous work that
used a separated core implemented as a conventional transformer in-
dicated that when the circuit was operated with the core in the open posi-
tion, a significant amount of energy transferred to the firing capacitor.
There would be a similar problem with a flyback transformer approach.
Experience with resonant circuits from a previous project and some pre-
liminary analysis indicated that using the separated pot core as an

inductor/transformer in a resonant circuit can be very effective in ac-
complishing the two stated design goals.

Figure 15 shows a concept for using a separated pot core as part of a fire-
set voltage converter. Closed loop operation is shown with the voltage on
the resonant circuit as the control parameter to anticipate the need for long
charge retention on the firing capacitor in an application where the dc-dc
converter turns off early in the mission. More accurate regulation can be

achieved if a voltage divider can be placed across the firing capacitor and
the voltage Pcross part of this divider can be used as the control parameter.
The voltage multiplier requires the use of fast switching diodes for effec-
tive operation to minimize junction charge storage. An additional diode
selected for very low leakage current can be included as shown to increase
charge retention time. The reason for using a tapped inductor will be dis-
cussed later. Development of a fire-set based on tme concept shown in fig-
ure 15 was beyond the scope of this development effort. However, figure
16 shows a laboratory test setup which was used to evaluate the zigzag en-
gaged pot core. Note that the test driver shown is from another project
and operates at a higher frequency than desired for this application. This

setup imposed limitations which will be discussed later.
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Removable half
V> of pot core

Very 10.. *dKagte

4.Pui-so width otgeLl

!,i. oduation m lile

FeeOdac, control

-* Figure 15. Fire-set ,iithi zigzag engaged pot core.

Figure 16. Labora- Removable half

tory test setup. of't core

VV.>

The pot core selected for this application is a Ferroxcube number
231 ITA4(X)-3B9. This core was selected because of its low profile, large
center hole, correct size, and availability as a sample. The characteristics
of thi.s core, other than dimensions, are

*AL = 400 niH/1 K turns = inductance index,
t=145 = permeability,

Gap = 0.007 in. =core center gap,
A0 = 0.658 cm2 = equivalent x-sect. area of core,

le=3.02 cm = equivalent magnetic path length,
* V0 = 2.00 cnv1 volume of core, and

Weight =11.5 grams =weight of core.
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7

If we use an operating frequency of 100 kHz and a power dissipation of
I W, the peak flux density (B ,X) is about 1300 gauss. To calculate the
minimum number of turns (N) needed to control flux density at this level,

Faraday's law can be used with E 500 V.
* S.s

B = Enns x 108/4.44 A.NF.

or

N = Eri s X 108/4.44 AeFBIMax = 500 x 108/4.44 x 0.658 x 105 x 1.3 x 103

= 131 turns, where F = frequency.

To provide flexibility for operation at frequencies well below 100 kHz, N
can be increased to 150 turns. A scramble-wound winding of 150 turns of
#32 wire will comfortably fill the bobbin. The inductance of the winding

can be calculated from the value of AL.

Inductance L (mH) = ALN 2 X 10-6 = 400 x 1502 x 10-6 = 9 mH.
Reactance XL (100 kHz) = 2tFL = 6.28 x 105 X 9 x 10-3 = 5.7 kQ.

With the core in the zigzag assembly, the measured values are 6.33 mH
closed, 0.68 mH open, and a resistance of 3.8 0. In the closed position,
the core halves do not quite mate together. Shown in figure 17 is a plot of
inductance versus measured separation distance. Clearly, the inductance
changes very rapidly with separation distance when the core halves are
near each other. The inductance was measured for 15 hand closures with

the inductance typically varying from 6 to 8 mH, with some values out-.. ,,.

side this range. Centrifuge test results might be more consistent. The
- wide range of inductances in the closed position is probably too great for

use with any of the three possible transformer/inductor configurations
mentioned earlier. However, a core with a larger air gap and mechanical

NI design changes may reduce this inductance range to an acceptable level.

The effect that resonance can have on circuit operation in the closed and

open positions can be illustrated by comparing the reactances for these
* conditions. For component values of L = 6.5 to 7.0 mH, C = 500 pF, and

a resonant frequency in the range from 85 to 90 kHz. these reactances are
shown in figure 18. In the closed position, the reactances nearly cancel
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Figure 17. Inductance 70

versus separation dis-
tance.
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,. Figure 18. Comparison of impedances.
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and the circuit has a relatively low impedance with relatively high cir-
culating current. In the open position, this situation changes dramatically
and can be summarized as follows:

(a) Resonant action stops.

(b) The impedance of the circuit greatly increases.

J, (c) The circulating current decreases to a very low value.

(d) The voltage divider formed between XC. and XL greatly
attenuates the voltage across L and to the voltage multiplier.

Shown in figure 19 are traces of the voltage across and current through L
for the closed and open positions when using the laboratory test setup of
figure 16. In the closed position, the voltage into the voltage multiplier is
approximately 500 Vrms, and in the open position this voltage is ap-
proximately 10 Vrms. hn a fire-set application, losses in the voltage multi-
plier and a bleed resistor would attenuate this voltage to an even lower
value. The third set of traces in figure 19 shows the effect of retuning the
frequency source to establish resonance in the open position. In this case
the frequency is approximately 280 kHz and the voltage into the voltage
multiplier would be approximately 25 Vrms. This low voltage at reso-
nance in the open position indicates a greatly reduced Q under these con-

ditions. This change in Q is expected since the coil is acting partly as an
air core inductor. The value of Q in the closed position is about 20 and in
the open position is approximately 2. The driver used in the setup of fig-
ure 16 was designed to operate at 500 kHz. If this driver were redesigned
to operate at 85 to 90 kHz with a clean drive waveform, the traces in fig-
ure 19 would be low distortion sine waves.

The large variation in inductance in the closed position creates a serious
problem for using a zigzag engaged pot core in an electronic circuit, par-

* ticularly as part of a resonant circuit. Improvements in the mechanical
design, increasing the length of the air gap, and possibly selecting a core
with a better magnetic profile are modifications which could reduce this
variation. It is not recommended that dual control parameters (servo ac-
tion to adjust both frequency and duty factor) be used to tune the fre-

quency source to the resonant frequency of the LC circuit. However, us-
ing only frequency as the control parameter is a viable possibility as long

. as safety issues are properly considered. Passive matching of the fre-

quency source to the resonant frequency of the LC circuit, if this approach
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is used, will require a variation of inductance in the closed position of 5 to

10 percent. In addition, a low Q of 5 to 10 will also be required.

Figure 19. Waveforms.
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Figure 19 (cont'd).
Waveforms.

The tapped inductor shown in figure 15 will provide transfomler action to
generate an adequately high voltage with a low-Q LC circuit. The turns
ratio of this tapped inductor would typically be about 2 to 10, and the re-
flected winding capacitance would have little effect on circuit operation.
The resistor between the LC circuit and the voltage multiplier will isolate

the LC circuit from parasitic diode junction capacitances. The real power
losses in a low-Q LC circuit do not necessarily have to be substantial.
Intermittent circuit operation is a technique for reducing losses. In a fully

developed fire-set using a zigzag engaged pot core, the required charging

time of the firing capacitor, operating frequency, LC circuit impedances,
and circulating current can all be traded off to optimize the design.
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8. Model and Tests

Figures 20 to 22 show the model which was built. Its design is reflected
in the drawings of appendix B. Most of the design has been described
earlier. Note tile use of miniature ball-bearings oil each end of the zigzag
shaft and flywheel assembly. The final assembly is also about 0.09-in.
taller than the desired 1.75 in. This extra height was used to prevent
breakout of the half-inch-diameter hole for the solenoid as shown in figure
9, and to cover the lower ball-bearing which was installed after the other
parts had been fabricated. The unusual "T"-shaped interface between the
top and bottom sections of the housing was used in place of dowel pins
since the assembly screws used the space needed for dowel pins. The
guide pins for the bias springs on the sensing weight were changed to
threaded screws that could be inserted through the housing's bottom to

Figure 20. Zigzag
mode! from left front.
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ease final assembly. The link-bar between the solenoid plunger and its
counterweight was made to have a closer fit in the housing than shown in
figure 9 in order to make the interface between the lock pin and the
flywheel more rigid. The clutch feature shown in figures 6 and 8 was not
incorporated in the model. A single coil of wire is used on tle magnetic

core's bobbin because the preliminary intent was to use the system as a
resonant inductor type of converter circuit. Two independent coils or a
tapped coil transformer type of system can be explored by simply replac-
ing the present coil assembly.

Figure 21. Zigzag
model from upper

right, armed.
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Figiire 22. Zigzag
model from IoNier
right.
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The purpose of this project was to illustrate the feasibility of a new con-

cept for a safety device. The model as a visualization piece does this, so

extensive testing of the model was not required. Some electrical tests S

were done, as described in the previous section, and some centrifuge tests
were done to demonstrate proper operation in an acceleration field. Re-

suits of the tests using a centrifuge radius of 10.5 in. are summarized in

table 1 and in figure 23.

On the basis of four runs, the tests show that the weight starts to move

down at a level of 8 to 9 g, and it bottoms out at 9 to 10 g. On reset, the
weight begins to move back up at 5.5 to 7 g and is fully reset at 3.5 to
4.5 g. The difference between the arming and reset levels is due to fric-

tion in the mechanism. Three dynamic tests from preset g-levels showed

that the unit did not arm at less than 9 g and did arm above 9 g.

Table 1. Centrifuge Test Results

Centrifuge radius--safe position: 10.25 in.
Centrifuge radius--armed position: 10.75 in.

Test A: Preactivate solenoid; slowly increase centrifuge
speed; observe motion of weight.

Wt. starts Wt. at Wt. starts Wt. fully
Run motion (g) bottom (g) reset (g) reset (g)

1 8.4 9.0 5.7 3.5
2 8.9 9.8 6.6 4.2
3 8.4 9.4 6.6 4.2
4 8.9 10.1 6.1 4.2

Avg 8.65 9.58 6.25 4.02

iS
6, Test B: Preset centrifuge

speed; activate solenoid;
UU observe arming.

Run g-lcvel Result

1 8.4 No-arm
2 8.9 No-arm
3 9.4 A rm ed
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1 2 'All-arm spec

Figure 23. Centrifuge I I

test results. 10 - Full armed Arm test

C 8 " - No-arm tests*'

0 Start arm
, . T 6 - Start reset N -r pc

Q,) 5 -Full reset.-

<4

2z 1

Test A Test B

Two other things were noted during the testing. First, the clearance be-
tween the sensing weight and the zigzag shaft was too great, so the weight
tended to cock and jam in the safe position where the cam track does not
run out at the top of the shaft. Adding shims to the top of the weight, so
that it starts out properly aligned, eliminated the jamming problem.
Second, the solenoid performed sluggishly when trying to pull in against

*friction created by the acceleration load. This was not taken into account

in either the design or the analysis. Both the plunger and the counter
weight, and the link-bar, have to slide (or rotate) while being pressed
down by the g-force. Well polished and lubricated surfaces could help
this situation, but the loading cannot be eliminated where a linear solenoid
is used in a module oriented on top of the flywheel as in this design. Note
that the configuration shown in figure 7, where the solenoid and counter-
weight system is mounted vertically behind the unit so as to move in the
same plane as the g-field, can be made essentially immune to friction
loading by acceleration. In the actual missile application, the solenoid
would probably be actuated before the drive acceleration is applied. Thus,
the friction problem occurs only in laboratory testing.
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9. Conclusions

Within the constraints of limited funding and time budgets, this project

has demostrated the practicality of constructing a zigzag device to provide
safety and arming for a high voltage converter system. Mechanically, the
first model works very well and shows that there should be no barriers to

the development of reliable production hardware. There are still some
reservations about electrical performance as discussed in section 7. The
present design has only about 20 parts. Various mechanical design refine-

ments should be considered as discussed in the recommendations, section

10. Care must be taken to ensure that the core halves are clamped tightly
together in the armed position, and that the interaction between the sens-
ing weight and the zigzag shaft is very smooth. The magnetic core used
in this design is a large one and it should have the capacity to supply fairly
large firing systems. Smaller cores and flywheels should be easy to im-
plement, but shrinking the size of the solenoid locking system will prob-
ably be difficult.

10. Recommendations

These recommendations apply primarily to the mechanical design for con-
struction of a second prototype model of the same basic configuration as
the first model.

(a) Make the zigzag post of stainless steel instead of aluminum. Have
the cam track extend high enough so that the sensing weight stops
against the solenoid module housing (see item (h) below) instead of
having the guide pin stop against the end of the track. Also, op-

") timize the clearance between the post and the hole in the moving
- weight.

(b) Make the zigzag post long enough to include the pivot on each end

and to have a "D"-shaped shoulder for attaching a flywheel having a
* "D"-shaped hole in its center. Also, make the diameter of the shaft

slightly bigger so as to fit closer to the hole in the transformer cores.
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(c) Design the flywheel with a "rim-and-disk" configuration which op-
timizes its inertia-to-weight ratio. This optimum design occurs
when the inside radius of the rim is made about 80 percent of its out-

side radius.

(d) Devise a scheme for adjusting the position of the lock-pii notch in

the flywheel edge relative to the position of the zigzag track. This
4might take the form of a rotatable rim on the flywheel which can be

clamped in a position which gives the best locking action in both the
safe and armed positions.

(e) Configure the mounting of the transformer core and ball-bearing in

the lower housing so that the bearing does not protrude through the

bottom of the unit.

(f) Extend the last stage of the zigzag track so that the guide pin in the
sensing weight is still on a sloping surface of the track when the

core halves come together. The guide pin rests in a crotch of the
zigzag track at the armed position of the first model, so no excess
clamping force is available to hold the core halves tightly together.

(g) To enhance performance during centrifuge testing, reduce the effect

of acceleration-induced friction in the solenoid and counterweight
S.module by using a Teflon-impregnated plunger liner, polishing sur-

faces, using dry film lubricants, minimizing contact area on the
link-bar, etc.

(h) Design the sensing weight with projections above the guide pin
holes so that these projections stop the weight's upward motion by

resting against the underside of the solenoid housing. This will help
lock the weight much more rigidly in the safe position and protect

against damage during vibration testing.

(i) Consider adding a third piece to the housing assembly in order to

make the zigzag mechanism a module independent of the solenoid/

counter weight m( Jule. This would be done only if the current con-
figuration is deemed too difficult to assemble.

37

0 -



(j) Consider reconfiguring the solenoid locking module to mount oi the
back or side face of the unit so the height is reduced and the module
is less subject to friction during acceleration, as mentioned at the
end of section 8. This will possibly complicate its interface with the
flywheel.
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APPENDIX A. --Develop nient of Equations of Motion for Helix-Driven
Flywheel Device

A Lagrangian method is used to develop the equations of motion based onl
the illustration of figure A-1I. This device is similar to a flywheel and
pinion driven by a translating gear rack, except the rack and pinlion are re-
placed by a fast-lead screw thread. Friction is accounted for only at the
point of interaction between the driving and driven members. Friction be-
tween each mnember and its guide or bearing surfaces is ignored.

Figure A-I. Schematic
Mf Ielix-driv'en flvN~hl Note. illustration is schematic; +1

a actually remains constant M X
do' ice. during motion.R

a
coordinates X2and X3are used MX
to account for friction.1

Y v, (relative to y)
- /3 angle of launch (

M3

Kinetic energy T Y X2 CO2 (X~-x~o + X3 sin a
2 (A- I

;CSa+ X2 sin cJ)

Potential energy V M3g 9YSin 1 + M1 g sin 13(y -X2co aO + X3 sin (x)
(A-2)

+ B 0x2 COS -XX3 Sinl( c+xAo) 2

% V
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* APPENDIX A

Lagrangian L T - V M3 + 2 I ;1 + 17 1.2 C2 aX + 22

~J flV ~fl1 Y ~ fj 2 CO -11fl A3 Slfl O

II . - CO C A3II .- Sill aX - 111 X2 COS of x-, sin a (A-3)

1 / .n2 2+ 1 ~o 1 2 . a
+ I A-2x;COS' (X + -I-x-, si ()+ r3CSX1:SllX

-111.1 Y Sill 11119 gSinll ( -Vx2 COS a +,V3 Sill aC)

- 2 9 .2 Bsi2 a IB2 Bcoasna
B Bx2 o COS cc+ B 3 Sill a -Bxj+B0 C O c.c i

d(it ' 1 l + 11f /71 - X: aO + /III X1 Sill1 a .(A -4)

d (8L\ 2 2
(-) j =j -mX2 COS aC-MIYCOS0a-rIX 3 COSasin a+k X2 sin a

(A-5)
+ X3COS a sin ax

d 8L

\ / (A-6)

-M3 sin III, gsin (-7

5L 2 A7

~y-m g sin c-c sin -B ?3 sno X O i c+Bx i A9
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APPENDIX A

The constraint equation is 'i2 =,i2 X2 = 0 (A-10)

The constraint force in the X2 direction = . (A- l1)

The constraint force in the x3 direction = -g.. (A- 12)

The resulting equations of motion are

di 8L 6L.(- 3
(t ..j -&v =F(t) =(ml +rn3)'+rnX3sina+(m1 l +M3 ) g sin3 (A-13)

.

d-( -8L = 6 = m l --X3 sin 0C cos a - * cos + A3 sinoxcosa
62 )+(A-14)

-mig cos c sin + B (-x 3 sin acos cc + xoCos a)

and

d((5L~ 5 L (X3 sin2 x+ysia)2
d 6 3 i & =-t=ml + X3+ysin) +-. 3 COS2

(A-15)

+ml g sin a sin 13+B (x3 sin2 o-xosin aL)

Combine equations (A-14) and (A-15) to eliminate X and obtain

X3 csinE  +ysinx)+ -3cos a+mlg sin oxsinl

+ B (X3 sin 2 a-xosin a) =- m 3 sin oxncos c-ycos a) (A-16)

' .. 1
+ x sin cxcos ot- m, g cos a sin 13+ B (-x 3 sin a cos a + xocos oX)
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APPENDIX A

Rearranging

X 3 ..3 m ( s i2 a ii t s in a C o s a ) + R 2 ( C o s2  a + s in l a o s a ) ]
[(A-17)

+B (sil- t sin ccos a) -x 0 (sin a - p cos x)]

= -mI g sin 3 (sin a - tt cos a) - /I1 *(sin a - t cos oc)

Divide by sin x - .t cos ox:

S2
F~ i Cos~ + p. sin aX Cos a~i

.1 ,in sin ac + R- in a- . cos a + B (x3 sin o- xo)
(A-18)

=-M 1 (3; +g sin13)

Note that x, =-x 3sin cc and substitute in (A-18) to obtain

-m -Ia-X +sina (x i +xO)=-ml_ (+gsin (A-19)
-rn~j R2 sin a Sinl a - gCos a BYi

* ~sina
Multiply by -1; rearrange using tan a s i a' and drop the subscript on

x] to obtain

m yI lm:- 2 .ta{ -( tan a ( n,, (A-20)* ~ ~ I rI + (ta a-p)1 + V( ) =m11 Y~ sinp

Note that I =m 2K2.
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Let C= I+ W2 (-K"~ -~tn (A-21)

Then ,nC. + B (.r ± x0) = G, + g sin (A-22)

where tit =

g
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APPENDIX B.--Design Drawings

The drawings of the acceleration sensing mechanism discussed in the body

of this report are shown in this appendix (fig. B-I to B-16) and reflect the
model which was built at Harry Diamond Laboratories (HDL). The final

design is shown in figures 20 to 22, body of report. The model is fully de-
scribed in the text, especially in sections 5 and 8, body of report.

The assembly drawing (fig. B-i) does not accurately reflect all final
details. Drawings 11730837 and 11730838 (fig. B-12 and 13) are not de-

tailed to show the ball-bearing seats in the frame and housing.

List of Drawings

Number Part Figure No.

None Assembly details B-I
11733741 -Sh 1 Post, zigzag B-2(a)
11733741 -Sh2 Post, zigzag B-2(b)
11733743 Pin, setback B-3
11730829 Modifications for B-4

zigzag post
11730830 Bias spring B-5
11730831 Lock spring B-6
11730832 Actuator link B-7
11730833 Guide rod B-8
11730834 Solenoid modifications B-9
11730835 Core holder B- 10
11730836 Flywheel B-i1
11730837 Frame B-12
11730838 Housing B-13
11730840 Piston B-14
11730841 Retainer B-15
11730842 Pin, piston, and solenoid B-16

V
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APPENDIX B

Figure B-2. P(At, zigzag.
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APPENDIX B

Figure B-.2 (cont'd).a
Post, zigzag.
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APPENDIX B

Figure B1-3. Pin, setback. / M/s-A-,?5SO APP(/i.S

2 MAER/A: STEEL. caQos'av RESISTING, WIRE T-YPE 3

CONDITON A OR a GQ TYPE 4o% CONDITION A PER
.5 PNI.Sh: PASS/VTE MRQ 5.4.1 Or M/s-ST0-/71

4 5MRFA4CE R0IAfN4ES ~A OVER

.0/0 AW 14Wdi .0*15_,RMA
.4930 AX~ 0/A ./

/TA'f ',"CV AA'/8

~oe~ .005R MAX

Figure B1.4. Moditica- (b) EXISTING

tions for zigzag post. TOP PIVOT

ZIG ZAG POST
(11733741)

0i5 +.00 X 450

J.*BREAK 00-o

SHARP -00 DIA
CORNER -. 0
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1.78 FREE LENGTH (REF)

_ _ _ - ---- --- - - .125 REF

.,,. WIRE DIA. - .007
NO. OF ACTIVE COILS - 19
TOTAL NO. OF COILS -25

NOTES:
1. MIL-A-2550 APPLIES.
2. MATERIAL: MUSIC WIRE.
3. DIRECTION OF HELIX: OPTIONAL.
4. MIN. I.D- .10
5. MAX. O.D- .13
6. FORCE AT HEIGHT OF .78 = 48 gm MIN
7. FORCE AT HEIGHT OF .38 = 68 gm MAX

Figure 11-5. Bias spring.

63 FREE LENGTH (REF)

.275-REF

NOTES: WIRE DIA.-.014
1. MIL-A-2550 APPLIES. NO. COIL- 9
2. MATERIAL: MUSIC WIRE. INSTALLED HEIGHT- .40

S3. DIRECTION OF HELIX: OPTIONAL. SPRING RATE= 150gm/in
S4. MIN. I.D-.20 STROKE= lin

5. MAX. 0.D-.30
6. FORCE AT HEIGHT OF .40 = 35gm.
7. FORCE AT HEIGHT OF .30 = 50gm.

Figure B-6. Lock spring.

4.5
e . 50

0 ,:,,. .".. " . " . % . , , .. .
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.060-.002

.500

2R, 2 PLACES

.200! .010
2 PLACES .062+-°o DIA

.062

.070t .003- -  1.00-.01 .125

2 PLACES

NOTES:
1. MIL-A-2550 APPLIES
2. MATERIAL /\-, STAINLESS STEEL
3. 6 FINISH ALL OVER

Figure B-7. Actuator link.

.093t.002 DIA

.09t.01 .950!.010

.032 x.032 SLOT

.0051+ 085 X 450
CHAMFER BOTH ENDS

.060-80 UNF-2A

NOTES:
1. MIL-A-2550 APPLIES.
2. MATERIAL ^v STAINLESS STEEL.
3. V' FINISH ALL OVER

Figure B-8. Guide rod.
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Figure B-9. Solenoid
modifications. U.
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* APPENDIX B

375' DIA - 140: 881

*45 210, 88 35 8

CHAmFEA
4 PLACES 00CARF -L 1'88

N SIZE FOR SLIP FIT ON CORE) 015 A

SECTION A-A

S 475 A

189: 88 QIA .65 0

REF 098- 81 IA,
100R A t55 C'SORE X

2 PLACES 030! U8 OEEP
2 PLACES

A A

100' 88 CIA

N 
062! 884 CIA-II

6- 

038!88

NOTES. L 065, 002

1. MIL-A-2550 APPLIES
2. MATERIAL '.- 303 STAINLESS STEEL
3. V FINISH ALL OVER

* SECTION B-B

Figure B-10. Core holder.
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4 200+-000 OIA-122+ o0 DIA1 .oo OI • -:o o A

0002
.,, ,,1 .0ooo:808 DIA

A A

- '#- .272/ R. 032R
SEE NOTE 4 k /

% 040

"450 375

•.010 DIA.X 45
°, CHAMFER

S.oio+,85 OIA.X 45',CHAMFER

16O0+-

.250-:88

1758+ 000 -  .123 DIA REF--- -! -135-:888
SHRINK BREAK SHARP CORNER

FIT ONTO BOTH SIDES

ZIG ZAG SHAFT

SECTION A-A

NOTES:
1. MIL-A-2550 APPLIES
2. MATERIAL ^- STAINLESS STEEL
3. V FINISH ALL OVER

4. LOCATE NOTCH AT FINAL ASSEMBLY. LOCATE 450 EDGE
SUCH THAT PISTON DOES NOT BOTTOM OUT IN
ACTUATOR HOUSING

Figure B-II. Flywheel.

054
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500' 002 625' 002
2 PLACES

iS

.200! 005

550! 0029
375, 002 OAE TO MATCH CORE DIA.2 PLACESAA

125 * DIA. 094! 889 DIA,

005 X 45'0-2,AE

CHAMFER

1.250!.010

500!.005- 250.002

550!.005 1 )

2 PLACES 125 R 125.2 PLACES
4 125 .125 .25.2 PLACES

- .104 DIA 3 PLACES

MATCH DRILL AFTER ASS'Y
WITH HOUSING,3 82' C'SK

1 125!.002 TO .199 DIA. FAR SIDE.

050,.002 -4

Al.

125!,005

SECTION: A-A

NOTES
I MIL-A-2550 APPLIES 1.800 REF
2 MATERIAL ' ALUMINUM ALLOY 6061-T6
3 Y FINISH ALL OVER

I 'f'-t ............ T+ ----------- fff
* 1.250 REF

Figure B-12. Frame.
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gaf

-a.e

-L - --------

II

4 ---

* -F.

Figure 0-13. Housing.
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+3301o000 CHAMFER .015 X 450

.6 50 .5085A• 5 ,585 .SEE NOTE 3

S E E N O T E 2 .2 5 0

T -o- ld I 094

.062 DIA -- -.0062-- F-

.186-oooo

.0020

NOTES:
1. MATERIAL: STAINLESS STEEL
2. WEIGHT OF PISTON & PIN IS TO

MATCH WEIGHT OF SOLENOID
PLUNGER & LOCK PIN ASSEMBLY.

3. ADJUST LENGTH OF PISTON OR
DEPTH OF HOLE IN HOUSING SUCH
THAT PISTON DOES NOT BOTTOM-OUT
IN THE HOLE IN BOTH THE FULL-
SAFE AND FULL-ARMED POSITIONS.

Figure B-14. Piston.
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Figure 11-15. Retainer. .375-40UNS-2A

1871- -002DIA
. 000-.,

.032 X .032 SLOT• I
S.065

NOTE:
1. MATERIAL: BRASS

.0625 OIA

A PART NO. A DIM.
A 11730841-1 .40

11730841-2 .250

CHAMFER .015 X 450
BOTH ENDS

NOTE:
- 1. MATERIAL: STAINLESS STEEL

Figure B-16. Pin, piston, and solenoid.
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